
























©lese three types of products--canned slices and sauce^ and frozen apple slices-- 
coi^rise the hul3é-of carryover stocks in any given year (tahles 5 and 6). Conversion 
of caimed slice and sauce stocks tx) a raw product equivalent periràtted them to be com- 
"bined and added to the frozen stocks^ to obtain one figure in each time period. 

Price of fresh apples.--Another variable believed to be associated with the price 
of camiing and freezing apples is the price of fresh apples (l^ p. 295). If fresh 
apples are cheaper than canned slices, consumers might use the lower priced product in 
pies and desserts. Institutional users also have this alternative. Hence, prices of 
fresh and processing apples are assiamed to be tied together on the dem^id side by the 
potential substitution of one product for the other (2) (3^ p. 56).Ë/ 

In addition, prices of processing and fresh apples may be tied together on the 
supply side. Many apples are dual-purpose varieties, suitable for either the fresh or 
the processing market. Processors must maintain some realistic balsgice between fresh 
apple and processing apple prices to insure themselves an adequate supply of the dual- 
purpose varieties (l, p, 295). 

Farm prices of fresh apples, given in table 7, were obtained from Agricultural 
Prices (published monthly by the Department) .9/ 

Trena.."A  trend variable was included in the analysis. Despite the growing per 
capita consumption, there was an observed downward trend in farm prices of canning and 
freezing apples over the period 1951 '^^  1961. Ttie  trend variable enters the relation- 
ship as a number representing the year with 1951=0, 1952=1, and so on. Although no 
specific economic significance can be attached to the coefficient of a trend variable^ 
it is indicative of the systematic manner in which farm price has moved after taking 
into account the other factors in the analysis. 

Data Adjustments 

Tcie  July, August, September, and October fresh apple prices and season average farm 
prices of canning and freezing apples were divided by the Bureau of Labor Statistics 
Wholesale Price Index, ©lus, changes over time in apple prices due to changes in 
dollar purchasing power were removed. The Miolesale Price Index was chosen as the 
deflator since this study deals with apple prices at the farm or wholesale level 
(table 8). The graphs showing actual and estimated prices (fig. 3) were converted 
back to the actual price level to make the results more meaningful to the reader. 

Population in the United States has increased from around 153 million in 1951 to 
more than 185 million in 1962. Increases in population raise the level of demand, 
assuming other factors remain the same. To adjust the data for these changes, crop 
estimate and stocks on hand were placed on a per capita basis by dividing the observa- 
tions in each time period by population numbers. 

0/ W/ H. Drew (2) found a positive cross elasticity coefficient of .32 between 
fresh apple purchases and price of canned apples and a coefficient of .67 between 
caimed apple purchases and prices of fresh apples. 

9/ Prices of fresh and of canning and freezing apples are undoubtedly jointly 
determined, but it appeared desirable to incorporate price of fresh apples as a vari- 
able since it is available at the time of forecast. Since this analysis is concerned 
with estimating the expected farm price of canning and freezing apples the problem of 
joint determination is disregarded. For discussion see Poote, R. J. {hj  pp. 128-lW). 
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Table 5'--Canner stocks of canned apples and applesauce^  ra'w product equivalent^  "beginning of months   1951 to .1961 l/ 

H 
H 

Apple slices Apple ■sauce 
Y^ar 

jToly August 
• 
\    Septeinber [    October !    Ji^y 

>                                                        • 
1      August         * 

• 
September    " October 

»               _                               1   r\r\r\ -r^/^-n-nAc^                                                  * _ -  .  _ 1   000 pounds - -  -  - 
112,199 1951.. ■     2/ 120,397 110,660 112,528 ■       2/ 124,5^^9 123,005 

1952.. :    95,Tv53 78,876 57,279 45,043 :      87,106 56,245 49,497 83,759 
1953.. 18,979 11,002 6,517 18,430 :       21,051 6,952 19,859 54,596 
195^.. 15,330 9,085 8,734 22,840 •       33,654 18,327 3 ,304 105,727 
1955..- 79,689 64,000 53,320 62,623      : 106,501 84,458 87,500 120,663 
1956..• 75,793 60,936 43,901 tó,775      : 91,112 62,402 74,821 117,826 
195T.. 90,897 76,194 59,377 67,307      ; 140,263 108,667 77,005 135,991 
1958.. .    99,^^78 85,181 65,264 68,075      ! 121,018 89,027 63,063 154,783 
1959.. 78,216 65,942 52,636 70,821         ; 129,002 45,570 69,291 189,126 
i960..• 98,13^^ 76,440 52,341 50,618        ; 161,531 119,563 77,678 200,584 
1961..: 72,i3i4- 58,523 38,362 38,241        ¡ 185,237 144,429 100,894 176,815 
1962.. 75,063 62,366 44,93^^ 49,478 163,5^1 129,260 103,336 227,620 

1/ Conversion factors used are sho-wn on page 9. 
2/ Data not available. 

Source: liational Canners Association; Supply^ Stocks, and Shipments, Canned Apples; and Supply, Stocks, and Ship- 
ments, Canned Apple Sauce. Monthly reports. 



Table 6.--Cold storage holdings of frozen apples, beginning of month, 1951 to 1961 l/ 

Year i          Jiiiy \            A-ugust 
• 

•                                                                   • 
\          September October 

-«--.---"l  000 -rvmini^c*—   —   —   -.«—-.- 

1951.-. ;         28,846 26,636 
J^ w tUlU.D ■"    —    —    —    —    ——— 

23,585 20,862 
1952... :         17,339 13,767 10,233 8,286 
1953... :         15,527 12,582 9,565 8,210 
195^-.. :         16,951 12,508 8,639 7,575 
1955..- :         27,231 22,923 18,471 14,480 
1956... :         32,282 26,o6ij- 20,084 16,710 
195T... :         íA,331 40,334 36,327 32,364 
1958... :         37,28íi. 30,227 25,351 20,892 
1959... :         39,70^ 32,573 27,232 22,030 
i960... :         36,Oí^T 29,743 22,l43 I6,4l4 
1961... :         37,386 32,715 25,195 20,309 
1962... :         i^7,269 4o,lT9 33,894 27,477 

1/  Œîiese data are collected from public, private, and semiprivate warehouses and 
apple houses where food products are generally stored for 30 days or more. 

Source.; U*S. Department of Agriculture. Cold Storage Reports. 

Table 7.—imples for fresh consumption: Average U.S. farm price per bushel {k8  lb.)j 
July - October, 195I to I962 

Year ;           July [.           August 
•                                                                   • 
\          September          ] •                                       • October 

:          Dollars Dollars Dollars Dollars 
1951..■ :           *1.Ö9 $1.8B $1.00 $1.69 
1952... :             2.47 2.36 2.38 2.43 
1953... Î             2.73 2.72 2.56 2.60 
1954... :             2.41 2.40 2.39 2.38 
1955... :             2.37 2.40 2.25 1.96 
1956... :             2.52 2.29 2.46 2.44 
1957..- :             2.57 2.41 2.17 1.89 
1958,,. :             2.39 2.18 2.09 1.51 
1959... :             1.33 1.98 2.23 2.01 
i960... :             2.44 2.57 2.63 2.50 
1961... :             2.76 2.50 2.43 2.19 
1962 1/ :            2.41 2.38 2.37 2.35 

1/ Preliminary estimate. 

Computed from U.S. Department of Agriculture Crop Reporting Board statistics. 
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a?able 8.—United States population, per capita disposalDle income, and Wholesale Price 
Index, 1951 to 1961 

Year 

1951... 
1952... 
1953... 

1955... 
1956... 
1957... 
1958... 
1959... 
i960... 
1961.., 
1962 2/ 

Population 1/ 

Millions 
155.0 
158.1^ 
161.1 
16ÍJ-.0 
166.8 
169.8 
172.T 
175.6 
179.^^ 
182.3 
185.2 
188.1 

Disposable income 
per capita 

Dollars 

1,520 
1,582 
1,582 
1,660 

i,8o4 
1,826 
1,905 
l,9i^7 
1,987 
2,050 

Wholesale 
Price Index 
(19^7-^9=100) 

114.8 
111.6 
110.1 
110.3 
110.7 
llit-.3 
117.6 
119.2 
119.5 
119.6 
119.1 
120.0 

1/ January in the marketing season. 
2/  Preliminary estimate. 

Sources: Various monthly issues of The Handbook of Basic Economic Statistics 
(Economic Statistics Bureau of Washington, D.O.) and Economic Indicators (Council of 
Economic Advisers, Washington, D.O.). 

PRICES FOR CANNING AND FREEZING APPLES 
Estimates and Actual Prices Received by Growers 

$ PER TON—r 

25 
100 

75 

Actual 

July est. 

XOL 

I   \   ^  AJ—5ept. est. 

--l-L 
1951     '54     '57      '60        1951     '54     '57      '60     '63 

U. S.  DEPARTMENT  OF   AGRICULTURE NEG.  ERS  1831-63(3)      ECONOMIC  RESEARCH  SERVICE 

Figure 3 

- 13 - 



The Price Model 

I^ta for July through October for the years 1951 to I96I were used to estimate the 
coefficients in the following relationship :2£/ 

P = a + ^2?^2.  "^ ^2^  "^ ^3-^3 "^ \^k  "^ ^ 

where P = Season average farm price of canning and freezing apples in dollars 
per ton deflated "by the Wholesale Price Index, 

Xi = U.S. Department of Agriculture apple crop estimate for the United 
States in bushels per capita. 

X2 = Monthly canned and frozen apple stocks in pounds per capita. 

X3 = Monthly average farm price of fresh apples in dollars per bushel 
deflated by the l^fholesale Price Index. 

^ =  trend (1951=0, 1952=1,...)• 

u = Unmeasured factors affecting price (p). 

TbB  model makes it possible to estimate the season average price for canning and 
freezing apples on the basis of information available for each of the four months, July 
throu^ October. íEhe model also provides a test of the hypothesis that the farm price 
of processing apples is associated with the factors indicated. 

îEhe estiinated relationships are presented in the next section. Least squares, 
mailtiple regression techniques were used to estimate the bi coefficients. 0!his tech- 
nique yields valid estimates of the coefficients when certain assumed conditions pre- 
vail. Statistical tests were conducted to determine the likelihood that the explanatoiy 
factors actually contributed to movements in the farm price of canning and freezing 
apples. 

RESULTS 

Q3ie results of the four relationships estimated in this study are summarized in 
table 9. Only the Jiily relationship is discussed in detail since each of the equations 
can be interpreted in the same manner. 

The  July Relationship 

The estimated July relationship was : 

P = 131.5^ - 112.07 Xi - 20A2 X2 + ô.lij- X3 - .22 Yk 

R2 = .91 

where : P = Season average farm price of canning and freezing apples in 
dollars per ton deflated by the Wiolesale Price Index. 

Xi = U.S. Department of Agriculture July 1 apple crop estimate for the 
United States in bushels per capita. 

10/ Data on July stocks of canned apples and applesauce were not available for 1951* 
Consequently the estimated July relationship was based on data from 1952-61. 
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Table 9.--Regression coefficients obtained from the July^ August, September, and October 
estimated relationships for canning and freezing apples 

Month 
Intercept 

(a) 

Regression coefficient of- 
Crop 

estimate 
(T31) 

Stocks Fresh price J^eïjd 
%) 

:Coefficient 
:of multiple 
jietenainat ion 

J^îy  
August,,. 
September 
OctolDer. . 

131.5^ 
80.86 

64.19 

-112.1 
-83.1 
-51.9 

-20.^1- 
■12.6 
-15.2 
-18.7 

6.1 
18.0 
26.0 
17.5 

i/ 0.22 
1.1 
-1.5 

1/ -.15 

0.91 
.92 
^^ 
.93 

1/ Not significantly different from zero at the 20 percent level of confidence. 

Xg = July 1 stocks of canned and frozen apple slices and canned apple- 
sauce in pounds per capita. 

X^ July average farm price of fresh apples in dollars per bushel 
deflated by the Wholesale Price Index. 

)% = Trend with 1952 = 1, 1953 = 2, etc. 

The regression coefficient (see table 9) for any of the four variahles represents 
the change in farm price of canning and freezing apples associated with a unit change 
in that variable, holding constant all other variables. Ttie  interpretation of the four 
b values (regression coefficients) in the July relationship follows. 

July crop estimate.--A change of 0.1 "bushel per capita in the July crop estimate^ 
considered "by itself/ was associated with an opposite change of $0.56 per cwt. ($11,20 
per ton) in the deflated season average farm price of canning and freezing apples.11/ 

The ahove result is more meaningful when prices are converted from deflated to 
actual 1962 levels and per capita change in crop estimate is expressed in total "bushels. 
At the 1962 population level, 0.1 hushel per capita equals ahout 18.5 million "bushels. 
Thus, a change of I8.5 million bushels in the July crop estimate was associated with 
an opposite change of about $0.67 per cwt. in the season average (nondeflated) farm 
price of canning and freezing apples. Or, a change of .01 bushel per capita (I.85 
million bushels) in the July .crop estimate was associated with an opposite change of 
about $0.07 per cwt. in the season average farm price of canning and freezing apples. 

July stocks.--A change of 0.1 pound per capita in the July stock of canned and 
frozen apple slices and canned applesauce considered by itself was associated with an 
opposite change of $0.10 per cwt. ($2.04 per ton) in the deflated season average farm 
price of canning and freezing apples. 

At 1962 population and price levels, a change of 18.5 million pounds of July proc- 
essed stocks was associated with an opposite change in season average farm price of 
about $0,12 per cwt., 

11/ Ail changes in variables are changes from the average values of these variables 
over the period studied. 
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July price of fresh apples>--A change of $0.10 per "bushel in the deflated July farm 
price of fresh apples considered by itself Tras associated with a change in the same 
direction of $0.03 per cwt. (|0.6l per ton) in deflated season average farm price of 
canning and freezing apples.it/ 

^end. - -Although deflated f aim prices of canning and freezing apples declined over 
the 10-year period studied the net effect of time did not appear to influence price in 
the Jiily relationship. 

The coefficient of multiple determination^ vß^  indicates that the July relationship 
explained 91 percent of the variation in farm prices of canning and freezing apples over 
the period 1952-61. 

The regression coefficients and values of R^ in the estimated relationships for 
Augustj September^ and October are presented in table 9 and carry interpretations simi- 
lar to that for the July relationship discussed above. 

Figure 3 compares actual farm prices of canning and freezing apples with estimates 
obtained from the July equation for 1952 to 1961 and from the August^ September, and 
October equations for 195I to I96I. Ihese graphs provide measures of the accuracy of 
the estimated relationships\ 

Prices shown in figure 3 have been converted back to actual (rather than deflated) 
price levels. For example, the actual price shown for I96I of ^k.2ö per ton was the 
nondeflated I961 season average price of processing apples at the farm level. 

Comparison of Coefficients :^ Months 

Ttie  regression coefficients of each variable are presented for each of the four 
estimated relationships in table 9. A comparison of the July value of any regression 
coefficient with the same b value in later months shows how that factor increases or 
.decreases in importance in explaining season average farm; price of processing apples 
as the season progresses. 

Tb.e influence of the estimated apple crop on farm price of processing apples de- 
clined over the ii-month period studied, as shown by the coefficients in the third 
column in table 9.^3/ The negative sign of these regression coefficients indicates 
that increases in crop estimate are associated with decreases in canning and freezing 
apple prices at the farm level. 

July stocks represent carryover from the previous season's apple crop. Large carry- 
over stocks are associated with lower farm prices of canning and freezing apples as 
denoted by- the negative signs of b2. Stocks of processed apples had a heavy net Influ- 
ence on price in July but declined in Importance in August. The net influence of proc- 
essed apple stocks on farm price then increased from August through October but remained 
below the July level. : 

One explanation for the relatively larger net effect of July processed apple stocks 
on farm price is as follows. Apple processing begins in July. Opening dates, however, 
vary from year to year depending on crop conditions. Consequently, August stocks in 

,12/ These prices can be converted to nondeflated levels by multiplying them by the 
current >Jholesale Price Index, table 8, 

13/ This is partly the result of an increasing degree of intercorrelation between 
farm price of fresh apples {X3) and crop est^imate (Xi) as the season progressed. When 
the relations were rerun excluding Xn,  there was only a slight difference in the 
coefficients of crop estimate (X^^) between the four relations. 
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some years would represent aMost entirely carryover stocks from the previous lEarketing 
season. In other years^ August stocks would include apples processed in July from the 
current crop. As a result^ August stocks are not as reliable a measure of carryt^ver as 
July stocks. 

September and especially October stocks also include apples processed from the 
current crop along with stocks carried over from the previous year. Stocks during these 
months are higher in years of early apple crops in which a large part of apple proc- 
essing takes place early in the apple marketing season. 

The coefficients of farm price of fresh apples increased from 6.1 In the July 
relationship to a peak of 26.0 in the September relationship, then declined to I7.5 in 
October (table 9).  Thus^ there was a tendency for the net influence of farm price of 
fresh apples on price of processing apples to increase through September, then decline 
in October over the 11-year period, 195^ "to I96I. 

July and August are transitional months in apple marketing. During this period, 
prices of new-crop apples are influenced by apple prices from the previous crop as well 
as by the apple crop of the new season. Also, at this time supplies of summer apples 
are probably more important in determining apple price than the size of the entire 
crop (7). The July fresh apple price under these conditions cannot be expected to be 
as closely associated with processing apple prices as would fresh apple price later in 
the season. About T5 to 80 percent of the season^s pack of coined apples and apple- 
sauce is completed by the end of November. The fresh price prevailing at the time 
processors purchase their supply of apples is most closely associated with farm prices 
of canning and freezing apples. 

The regression coefficients of the trend variable have negative signs in the esti- 
mated relationships (table 9).  The negative sign of the trend coefficient has the 
following interpretation: After taking into account the influence of crop estimate, 
stocks, and fresh apple price^ the deflated season average farm price of canning and 
freezing apples decreased over time. That is, the net influence of the many factors 
not included in this analysis was to lower the price over the years of this study. 

This decline was found only in deflated prices of canning and freezing apples. 
The analyses were not repeated using nondeflated prices. 

Column 7 of table 9 lists the coefficients of multiple determination (R^) obtained 
for the four relations. These provide a measure of the percentage of total variation 
in farm price of canning and freezing apples explained by the analyses. The B?  values 
increased from July (.91) through September (.9^)^ then declined slightly in October 
(.93). All four coefficients are high, however, indicating that all of the relations 
explained a high proportion of the variation in farm price of canning and freezing 
apples. 

These results indicate that changes in crop estimate, stocks, and fresh apple 
price are closely associated with changes in season average farm price of canning and 
freezing apples. Data on these three factors are available early in the apple market- 
ing season. Consequently, the season average farm price can be estimated prior to the 
marketing season for processing apples, subject to the limitations discussed below. 

LIMITATIONS OF TŒE STUDY 

Study of the various factors associated with prices of canning and freezing apples 
involves analyzing past or historical relationships. Using fonmilas or relationships 
to estimate prices in the future requires the assumption that all factors affecting 
price will act in the future as they have in the past. 
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miile changes undoubtedly will occur^ they are not likely to he drastic within a 
short time. Thus, it is possihle to estimate price movements and a range of prices 
within which the realized price will fall with a certain degree of accuracy. Informa- 
tion on the factors associated with movements in price is the main eontrihution of this 
study. 

Obtaining adequate data is a persistent difficulty in agricultural price analysis. 
J\ggregative data, such as those used in this study, do not permit analyses of more 
specific problems. Lack of adequate data on regional factors prohibits meaningful 
study of regional differences in prices of processing apples. Similarly, lack of ade- 
quate data on prices by variety and grade precludes inclusion of these factors in a 
study of prices. 

Despite these limitations^ this study provides considerable information which should 
help the apple industry in making future marketing decisions. 
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APPENDIX 

The estimated relations are repeated in this appendix in order to indicate the 
standard errorsj t values^ and other related information in greater detail. 

J-gly Relationship 

p = 131-5^ - 112.07 Xi - 20A2 X2 + 6.1k X3 - .22 Xlt 
standard errors: (38.95)    (5-53)    (5-53)   (-88) 

t values^:i^/ 2.88-5«He    3.69^^5«*   1.11-5^    .25 

S = 5.53 R2 = .91 

Augast Relationship 

P = 80.87 - 83.11 Xi - 12.6^ X2 - 18.02 X3 - 1.09 ^ 
standard errors: (33-8^) (4.85) (8.83) (-52) 

t values:2it/ 2M^^        2.6l-5«Hf        2.0if^«í*      2.10^««^ 

S = 5.10 R^ =  -92 

September Relationship 

P = 47.27 - 51.88 Xi - 15.24 X2 + 25.99 X3 - 1.52 % 
standard errors: (^5.89)   (7.l4)    (16.58)   (.43) 

t values:i!t/ 1.13-^    2.l4^i^   1.57*^^   3-53^^^ 

S = 4.46 R = .94 

October Relationship 

p = 64.19 - 43.66 Xi - 18.73 X2 + 17.52 X3 - .15 % 
standard errors: (57.53)   (7-87)    (11.47)   (-59) 

t values:l!t/ .76     2.38^BHf   1.53^    .25 

S = 4.94 R^ = .93 

where the variahles are the same as those indicated on page l4. 

The indicated S value is the standard error of the residuals, often called the 
standard error of estimate. A residual in this study is the difference between the 
actual and estimated farm price^ of canning and freezing apples for any given year. 

In the July relationship the S value was $5-53. "Ihis means the chances are 2 in 3 
that the actual farm price of canning and freezing apples will fall in the region 
defined by the estimated price plus or minus the S value, $5-53 per ton (deflated) or 
$0.28 per cwt. 

The 1961 estimated farm price in the July relation was $36.78 per ton (deflated). 
The S value, $5-53, would indicate a region from $36.78-$5.53=$31.25 to $36.78+$5.53= 

2A/ ^^^  -Significant at the .05 level 
^•5f « Significant at the .10 level 
^  - Significant at the .20 level 
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$i|-2.31j with 2 chances in 3 that the; actual price will fee in that region. To express 
these prices at the 1962 levels^ they cam he imiltiplieâ by the 1962 Wholesale Price 
Index (talDle 8). 

The standard error of the residuals in the August, Septemher/ and October relatrioh- 
ships can he interpreted in a siinilar manner. 

Income as an Independent Variable 

Oixe relationships for each month (July, August, September, and October) were esti- 
mated replacing the trend variable with deflated personal disposable income. In each 
of the estimated relationships, the sign of the regression coefficient for income was 
negative. Other empirical studies have indicated that the income elasticity of demand 
for apples is positive. Hence, an increase in income would increase the demand for 
apples, and the effect on price should be positive rather than negative.        ^ 

Due to the limited time series involved, the relationships were not estimated in- 
cluding both trend and income variables. However, personal incomes have been increas- 
ing over time. Consequently, it was hypothesized that, during the periiOd of analysis, 
trend effects (negative) overcame the positive income effects, with the result that the 
regression coefficient for the income variable was negative. 

Estimates obtained by replacing the trend variable with personal income were almost 
as accurate as those obtained with the trend variable included. In the estimated re- 
lationships for July, August, September, and October, apple crop estimate, stocks of 
canned and frozen apples, fresh apple price, and income explained more than 90 percent 
of the variation in prices of canning and freezing apples from 1951 to I96I. 

Testing for Serial Correlation in the Residuals 

The estimated relationships assumed that the random influences: in successive years 
have the same variance and are statistically independent. Under thB:se assumptions^the 
estimates of Y are best linear unbiased. Occasionally, however, the preBence of serial 
correlation in the residuals has been foiind to cause serious errors in the analysis (5). 
Consequently, it is important to determine whether serial correlation is present in the 
residuals. 

In the regression model, two or more residuals may be influenced by common factors 
rather than by completely independent (random) ones. In such cases, the analysis^jrieids 
less information per obseDTvation than completely random observa^ons would yield. . ^An 
attempt was made to test for serial correlation of the residuals in this study by-using 
the Durbin Watson test. The three possible outcomes of the test are rejection of the: 
null hypothesis (that no serial correlation exists among the residuals), nonrejection 
of the null hypothesis, and indeterminacy. A serious drawback to the use of this test 
is that the indeterminate result is very common. 

At the 5 percent level of significance, the test was inconclusive for each, of the 
four relationships in this study. 
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